Primary Aim To establish the cephalometric standards for hard and soft tissues of the facial skeleton for north Indian population. Methods The sample comprised of lateral cephalograms taken in natural head position of 100 participants (50 men, 50 women). The cephalograms were traced, analyzed and interpreted using the landmarks and values given by Burstone's analysis for hard tissue and Legan and Burstone analysis for soft tissue respectively. The Student's t test, standard deviation and mean deviation were calculated to compare between the groups. Results Statistically significant results were found in various parameters between intra and inter group comparison. Conclusion The results obtained in the north Indian population can be used as cephalometric norms for orthognathic surgery.
Introduction
The specialty of oral and maxillofacial surgery has expanded its boundaries to a great extent in the last few decades. The subspecialty of orthognathic surgery which deals with the correction of disproportion of the facial skeleton has been at the forefront of this expansion and this has brought about dramatic changes in the lives of many patients. To get the proportions correct, various aids have been used, with cephalometric analysis being one of the main tools.
Two of the most accepted analysis norms have been the ones proposed by Burstone et al. [1] and Legan and Burstone [2] for hard tissues and soft tissues respectively. The problem facing the maxillofacial surgeon in India has been that these analyses are basically for the Caucasian population. Norms for the Indian population have also been put forth but again these have been mainly for the south Indian population [3] . So we decided to conduct a study to establish the cephalometric norms for ethnic north Indian population utilizing the widely accepted analyses given by Burstone et al. [1] and Legan and Burstone [2] .
Materials and Methods
A total of 100 subjects (50 males and 50 females) were enrolled for the study consecutively who met inclusion and exclusion criteria. Lateral cephalogram was taken in normal head position with the teeth in the maximum intercuspation and lips in repose.
All radiographs were traced on 0.008 matte acetate sheets by a single individual and reviewed twice with another investigator for accurate landmark identification. The cephalometric landmark identification and analysis was done according to definitions used by Burstone et al. [1] and Legan and Burstone [2] in their articles.
Written consent was obtained from all the subjects and the study received ethical clearance from the institution's ethical board. 
Results
The mean values with standard deviation of hard and soft tissues of north Indian male and female respectively are tabulated in Tables 1 and 2.  Tables 3, 4 and 5 shows the comparative result of hard and soft tissue analysis of North Indians with Caucasians.
Discussion
The improvement in facial aesthetics and functional occlusion are two desirable objectives for the success of various orthognathic surgical procedures. For proper planning and execution of these, various diagnostic A thorough search of literature revealed difference in cephalometric values of dentofacial relationships of various ethnic groups [4, 5] . We conducted a study to know if there were any similarities or differences in cephalometric values of north Indian adults with class I occlusion and 
Hard Tissue Measurements
The total cranial base length (Ar-ptm-N) in north Indian population was similar to the Caucasian population in males but there was statistically significant increase in females. The contributing factor for this was the increase in Ar-ptm. Similar findings were found in south Indian (Karnataka) population [3] and in Egyptians [6] . The horizontal skeletal measurements for north Indian males were similar to Caucasian males but north Indian females had more convex profile compared to their Caucasian counterparts, this being true of Chinese [7] , Egyptian [6] , Kuwaiti [8] and Saudi [9] female profiles also. Thus north Indian females have marginally prognathic maxillary/ mandibular apical base. Though the skeletal norms of north Indian females were protrusive when compared to Caucasians, they were retrusive when compared with Chinese [10] , and Afro-American [11] females; however the mean values of the north Indian females were quite similar to Japanese [5] . The vertical skeletal measurements for north Indians of both sexes were increased compared to Caucasians. The contributing factor for the overall increase in length of both males and females was the increase in posterior middle third height, whereas in females there were other contributing factors also, like increase in upper third and lower third vertical facial height. A similar finding was found in Japanese females also [5] .
The maxillo-mandibular relationship of our study group differed much from the Caucasians. Statistically significant differences were found in ramus length, relationship of maxilla and mandible apical base and retrusive chin in both sexes, whereas north Indian females tend to have increased ramal mandibular plane angle and males had short mandibular body length. Increased ramal mandibular plane angles in both sexes were reported in Kuwaitis [8] and Saudis [9] also. The dental relationship showed relatively proclined lower incisors in north Indian males. Similar findings were reported in the Nanda and Nanda's study for north Indian population [12] , south Indian (Karnataka) [3] , Chinese [10] , Egyptian [6] , Kuwaiti [13] , Japanese [5] , Korean [9] and Saudi [14] populations also. This indicates that, while treating north Indian male subjects, a slight protrusion of teeth in comparison with Caucasian standards will be optimum for their features [12] .
When the north Indian male profile was correlated with the Caucasian male's, it was evident that the anterior maxilla is seen to be rotated counterclockwise for north Indians which substantiates the fact that for Caucasians an increased anterior facial height does not make the profile displeasing. The north Indian male has a retruded profile as evidenced by decrease in mandibular corpus length, increased ramal length and decreased chin prominence. To mask this the incisors procline, thus providing a pleasing profile. In north Indian females it was evident that the profile tended towards more convexity (increased N-A-Pg and decreased A-B). An increase in the Ar-Go-Gn angle indicates that the north Indian females have a tendency towards hyperdivergence which is also supported by the fact that the anterior facial height is increased. This increase in facial height (compared to the Caucasian females) seems to sit well with this group.
But overall comparison of the skeletal patterns showed that skeletal morphology of north Indians were very similar to those of the Caucasians.
Soft Tissue Measurements
While planning and assessing the success of orthognathic treatment, soft tissue values are as important as hard tissue values. Therefore, soft tissue values must accurately reflect ideal norms throughout treatment. Soft tissue values of our study group were compared with the Caucasian norms and an inter-gender comparison was also done within this group itself.
The facial convexity angle was found to be greater in our study group, which implies a more convex profile in north Indians than in Caucasians. Our findings were similar to those of Jain and Kalra's study involving north Indian population [15] as well as south Indian [7] and Kerala population [16] , whereas less convex profile was reported in Japanese [17] and Black populations [8] . We found that north Indian males have more facial convexity than females. When the maxillary and mandibular prognathism values of our study group were compared to those of Caucasians, no statistically significant differences were seen. However, in our study group males had more maxillary prognathism when compared to females. South Indian [7] and Kerala population [16] were also reported to have midfacial prominence, when compared to Caucasians.
The lower face-throat angle was more obtuse compared to Caucasians. Since this angle is critical in treatment planning to correct anteroposterior dysplasias [1] , our study suggests that procedures involving chin reduction should be undertaken with caution in north Indian population. The vertical height ratio, lower vertical height depth ratio, upper and lower lip protrusion, etc., were all similar in both our study group as well as the Caucasians. Upper lip protrusion was reported in Jain and Kalra's study for north Indian population [15] , lower lip protrusion in Kerala population [16] and both upper and lower lip protrusions were reported in south Indian [7] , Japanese [17] and Korean [18] populations. When comparison was made genderwise within the study group, males had more obtuse lower face height depth ratio than females.
Statistically significant difference was found in the nasolabial angle between our study group and the Caucasians. The comparison revealed it to be more obtuse in our study group. Similar findings were reported in Blacks [19] , Japanese [17] and Koreans [18] . Obtuse nasolabial angle is suggestive of maxillary retrusion as per available literature but our study contradicts this view as our study group did not exhibit the latter even though, they had obtuse nasolabial angle. But it is most likely due to the anticlockwise roataion of the maxilla in north Indian males. The interlabial gap of our study group was shorter as compared to Caucasians, with statistical significance. Similar finding was reported in Jain and Kalra's study for north Indian population also [15] . No difference was observed in the incisal show of our study group and the Caucasians. However, in our study group males had statistically more incisal show compared to females. Similar finding was reported when south Indian population was compared gender-wise [7] .
Intergroup comparison of soft tissue profiles of north Indian males and females clearly indicated that soft tissue convexity (G-Sn-Pg 0 ) in males is more in comparison to females (in compensation to the underlying skeletal base which is more convex in females). This is also supported by the fact that males exhibit a protrusive maxillary soft tissue profile (G-Sn) to give a convex appearance. In addition males also exhibited an increased distance between Stms-1 which shows that males have thick protrusive lips in comparison to females.
Overall, it was found that the soft tissue profiles of north Indians were very similar to those of the Caucasians.
Even though computerized cephalometric softwares are available, we have used manual cephalometric analysis because in manual tracing landmark identification is easier, more accurate and with less variation while duplicating [20] .
Some the advantages of this study are:
• More number of subjects were taken as compared to Burstone et al. [1] or Legan and Burstone [2] in their respective studies.
• Both hard and soft tissue analyses were done by single examiner.
• Hard and soft tissue analyses were done on the same samples.
• Intra group comparison (male and female) was done for hard and soft tissue analyses.
• In soft tissue analysis separate norms were established for males and females, as compared to Legan and Burstone's [2] .
Conclusion
Our findings suggest that:
• Since north Indian males had increase in lower incisors proclination, pre-surgical orthodontic treatment should be done with caution as this might lead to cortical plate defect because this subset of patients already have proclined lower incisors.
• Literature suggests that relapse rate is higher [21] with either mandibular advancement or setback in hyperdivergence patients and this might have to be taken into consideration while planning surgeries in north Indian females as they exhibit this feature commonly.
• Obtuse nasolabial angle without maxillary-retrusion in north Indians males is most likely to be due to the anticlock-wise rotation of the maxilla. If Lefort I osteotomy with superior repositioning is planned in these patients, partial resection of anterior nasal spine with or without resection of caudal portion of the septum [22] , might have to be considered.
• As the north Indian males and females have obtuse soft tissue chin throat angle, mandibular set back surgery should be planned with caution especially if the patient also has a short heavy throat [2] .
We are of the opinion that result values that we have obtained can be used as cephalometric norms for orthognathic surgery in north Indians.
